1 Carrer nou, 8, e-43839 Creixell, tarragona, spain. 2 laboratorio de Zoología, dpto. de biología animal, Fac. Ciencias biológicas. universidad autónoma de barcelona, e-08193 barcelona, spain. 3 Carrer Gran, 90, e-08310 argentona, Catalonia, spain. 4 laboratoire d'océanographie biologique, umr 5805 (Cnrs/ub1), 2 rue Jolyet, F-33120, arcachon, France. 5 instituto español de oceanografía, Punta del apio, aptdo. 1552, e-36200 Vigo, spain. e-mail: ana.ramos@vi.ieo.es summarY: during the austral summers of 2003 and 2006 suprabenthic assemblages were investigated at 35 stations located in the bellingshausen sea and off the western antarctic Peninsula, at depths ranging from 45 to 3280 m. suprabenthos was collected with a macer-GiroQ sledge equipped with an automatic opening and closing system. this study presents data on the occurrence and relative abundance of the major suprabenthic taxa collected in the water layer immediately adjacent to the bottom (10-140 cm above bottom). assemblages were dominated by Peracarida and the most common groups were amphipoda, mysida, isopoda and Cumacea. among the 66 taxa identified, 40 account for more than 80% of the dissimilarity levels among any of the different combinations between groups of stations. the highest dissimilarity values in the segregation of the pairwise station groups were obtained for mysidae, lysianassidae, Gammaridea, Cumacea and munnopsidae. the recorded faunistic patterns showed dependences in the environmental variables depth and percentage of mud in the sediment, as single and combined variables.
introduCtion suprabenthic organisms are known to live in the benthic boundary layer and to play an important role in bentho-pelagic food webs (mauchline, 1980; brandt, 1995) . they are highly consumed by a great diversity of predators such as seals, penguins, demersal fish and shrimps, and contribute to the recycling of particulate organic matter to higher trophic levels of the marine ecosystem (brandt, 1993, 1995; svavarsson et al., 1993) . the contribution of suprabenthos to ecosystem functioning has also been demonstrated for antarctic waters and is therefore taken into consideration in bentho-pelagic coupling, a new developing area in modern antarctic research (arntz et al., 2005) .
investigations on antarctic suprabenthic assemblages are still rare. they have been done using different types of sledges and dredges, and the geographical coverage of the whole southern ocean remains only very partially fulfilled (san Vicente et al., 1997 (san Vicente et al., , 2007 : south shetland islands and bransfield strait; linse et al., 2002; lörz and brandt, 2003 ; Weddell sea and northwest antarctic Peninsula; rehm et al., 2007; ross sea; brökeland et al., 2007 and brandt et al., 2007a,b: deep Weddell sea and adjacent areas; south sandwich arc: Kaiser et al., 2008) . thus, the antarctic sector corresponding to the bellingshausen sea and western antarctic Peninsula have remained virtually unknown until nowadays.
as an integrated study of benthic ecosystems, the bentart research programme was a good opportunity to fill this gap and bring new insights on poorly known antarctic suprabenthic assemblages (ramos, 2003) . the bentart 03 cruise (24 January to 3 march, 2003) and the bentart 06 cruise (2 January to 17 February, 2006) were carried out on board the rV Hesperides in the bellingshausen sea and off the southwestern antarctic Peninsula. the main objectives of the present study were to provide new data on the occurrence and geographical and bathymetrical distribution of their suprabenthic assemblages.
.
materials and metHods

Field sampling
during the bentart-03 and bentart-06 cruises (2003 and 2006 austral summers, respectively) , 35 stations (depth range: 45-3280 m) located in the bellingshausen sea (from the antarctic Peninsula to thurston island) and off the western antarctic Peninsula (from Gerlache strait to marguerite bay) were sampled in order to study their benthic communities ( Fig. 1, table 1 ).
suprabenthic samples were collected with a modified macer-GiroQ sledge (Cartes et al., 1994) . this sledge is equipped with 3 superimposed nets (0.5 mm Table 1 . -Geographical location, depth and environmental bottom characteristics (from troncoso et al., 2007 and saiz-salinas et al., 2008) of the bentart-03 and bentart-06 suprabenthic sampling stations around the bellingshausen sea (bs) and off the West antarctic Peninsula (WaP). Haul lengths calculated from GPs-derived position of the research vessel at the beginning and at the end of each tow (see brandt and barthel 1995). nd: not determined. mesh size) that simultaneously sample the motile fauna in the 10-50 cm (n 1 ), 55-95 cm (n 2 ) and 100-140 cm (n 3 ) near-bottom water layers. each net is fixed to an anterior rectangular box (width 80 cm; height 40 cm) and equipped with an opening-closing system activated by contact with the sea floor (to prevent contamination of suprabenthic samples by organisms from the water column). the sledge was towed over the sea bottom for 2-12 minutes at 1.5-2 knots. sledge haul length was estimated from GPs-derived position of the research vessel at the beginning and at the end of each tow by means of the following formula (brandt and barthel, 1995; linse et al., 2002; lörz and brandt, 2003) :
Haul length (m) = 1852 √ ((∆lat') 2 + cos lat' ∆long') 2 where ∆ lat' and ∆long' are the difference in latitude and longitude between starting and ending points, respectively. distance trawled was determined using the remote acoustic sCanmar HC4 trawl system attached to the sledge which can monitor in real time the bottom contact of the sledge at station depths <1200 m. at deeper stations (>1200 m), the sledge was lowered at 1 m/sec until the cable length to water depth ratio reached 1.0, then 0.5 m/sec was applied until the sledge contacted bottom at a mean cable length to water depth ratio of 1.5 (as indicated by the winch tension meter). total distances across the seafloor varied from 34 to 726 m. thus, depending on the sampled depth, the calculation of the trawl distances was considered as accurate in shallow water samples (<1200 m) and was approximately exact enough for the deeper samples (brenke, 2005) . density values were calculated from areas swept by the sledge on the bottom (haul length x net box width) and standardised to individuals /100 m 2 . in total, 8193 m 2 of ocean bottom were sampled with the suprabenthic sledge. it must be reported that the erratic presence of large drop stones over the sea floor (resulting from iceberg rafting) greatly perturbed sledge samplings, particularly at stations 11, 12, 28 and 29 in the bellingshausen sea.
the material collected from the 35 sampling stations was sorted on board to family level, where possible, for the 9 major taxonomic groups (pycnogonids, leptostracans, mysids, amphipods, cumaceans, isopods, tanaidaceans, euphausiids and decapods), and then preserved with 10% neutral formalin before laboratory examination for further accurate identifications. small zooplankton components (copepods, ostracods, chaetognaths) and demersal fishes were excluded from this study.
environmental characteristics (table 1) 
Data analysis
data were organised at each station by taxa matrices constructed with the family level for almost all the major taxonomic groups (66 families and 9 orders). univariate measurements such as total abundance (n 1 , n 2 , n 3 and n t ), number of taxa (t), the shannon-Wiener diversity index (H', log e ) and Pielou's evenness (J') were calculated for each sampling station. the composition of suprabenthic assemblages was analysed by means of non-parametric multivariate techniques as described by Field et al. (1982) using the Primer v 5.0 (Plymouth routines in multivariate ecological research) software package (Clarke and Gorley, 2001 ). a matrix of similarity between samples was constructed by means of the bray-Curtis coefficient applied to fourth-root transformed abundances (n t , ind./ 100 m 2 ) to down-weight the contribution of the most abundant taxa. From this matrix the 35 suprabenthic samples were classified by cluster analysis based on the complete linkage sorting algorithm. an ordination analysis was performed by means of non-metric multidimensional scaling. the simPer routine was then used to identify taxa that mostly contributed to distinctions between station groups.
the bio-enV procedure of the Primer package was used to characterise the possible relationship between suprabenthic distributions in the study area and the measured environmental variables. specifically, depth (m) and the following abiotic variables were considered in the analyses: redox potential (eh) of sediments, organic matter content (%) and all granulometric fractions (%; gravel: >2 mm, coarse sand: >0.5 mm, medium sand: >0.25 mm, fine sand: >0.0625 mm, mud: <0.0625 mm). Carbonates as well as stations 18, 20 (from bentart-03), 27, 28, 39, 41, 42 and 43 (from bentart-06) were discarded from the analysis due to the lack of such sediment data. all variables were previously transformed by log (x+1). 
Abundance, near-bottom vertical distribution, taxa richness and diversity
the overall material collected in the 10-140 cm water layer of the 35 sampling stations contained a total of 12 613 individuals sorted into 9 major zoological groups (amphipods: 50.4% of total individuals; mysids: 28.6%; isopods: 12.4%; cumaceans: 4.4%; pycnogonids: 1.5%; euphausiids: 1.3%; tanaids: 0.9%; decapods: 0.5%; leptostracans: 0.1%) and 66 taxa (amphipods: 24 taxa; isopods: 21; cumaceans: 6; pycnogonids: 5; decapods: 4; mysids: 3; euphausiids: 1; tanaids: 1 and leptostracans: 1) (table 2) .
in most major taxonomic groups, the fauna showed a clear vertical distribution gradient with a decrease in abundance between the 10-50 cm, the 55-95 cm and the 100-140 cm water layers above the bottom (82.1%, 13.0% and 4.9% of total abundance, respectively). only the euphausiids were less abundant in the lowermost sampling level (table 2) .
Considering the whole 10-140 cm water layer by combining the abundances of the three nets Table 2 . -total abundance (number of individuals) and total taxon richness (t nt , total number of families) of the major suprabenthic groups in the 10-50 cm (n 1 ), 55-95 cm (n 2 ), 100-140 cm (n 3 ) and combined 10-140 cm (n t ) near-bottom water layers sampled. sampled by the sledge, the lowest abundance value was recorded at station 12 (2 ind./100 m 2 ) at 2029 m depth in the central part of the bellingshausen sea, whereas the highest was recorded at station 22 (1291 ind/100 m 2 ) at 287 m depth in the Gerlache strait, antarctic Peninsula. the high number of mysids was the reason for the high abundance at station 22 (table 3) . at the family level adopted in this study, taxon richness ranged from 1 (station 21, antarctic Peninsula) to 37 families (station 34, bellingshausen sea; station 43, antarctic Peninsula) (table 4). the six most abundant taxa were mysidae, lysianassidae, melphidippiidae, synopiidae, Gammaridea unid. and munnopsidae (76.7% of the collected material). according to their occurrence at the 35 sampling stations, the most frequent groups were amphipods (35 stations), mysids (32), isopods (32), cumaceans (25), euphausiids (23) and pycnogonids (22). the highest shannon-Wiener diversity value was recorded at station 30 in the bellingshausen sea (H' =3.08), whereas the lowest was found at station 21 of the antarctic Peninsula (H' =0.00). evenness ranged from 1.00 (station 12) to 0.12 (station 22) (table 3).
Suprabenthic assemblages
based on taxa abundances in the 10-140 cm nearbottom water layer, five main groups (a, b, C, d and e) were discriminated by the cluster analysis of the 35 sampling stations, with a similarity level of about 30% (Fig. 2 ). all groups were significantly different (anosim Global r = 0.926, P<0. 1, all pairwise P<0.5) in terms of community structure. the mds ordination plot (Fig. 3) shows similar results to those 10   18  21  14  11  23  22  4  20  28  27  29  39  37  35  36  38  30  31  33  41  34  43  26  42  8  5  7  9  10  1  2  13  6 of the dendogram, with an acceptable stress value (0.15). sampling sites are segregated along the first dimension, which cannot be easily identified as an environmental and/or geographical gradient but can be identified as a biodiversity (number of taxa) gradient. the results of the simPer analysis on groups a, b, C, d and e are shown in table 5. average within-group similarities ranged from 41.02% for group C to 56.37% for group b. Group a includes 9 stations from the bellingshausen sea (85-743 m depth, antarctic continental shelf) and 1 station from the antarctic Peninsula (1052-1059 m depth) with a moderate taxa richness (9-15 taxa) and dominated by amphipoda (Gammaridea), mysidae, Cumacea and isopoda (munnopsidae); these taxa account for 71.09% of the average within-group similarity.
Group b includes 9 stations from the bellingshausen sea (431-1870 m depth) and 4 stations from the antarctic Peninsula (146-1275 m depth) with the highest taxa richness (20-37 taxa) of all the studied assemblages; 9 taxa account for 53.23% of the average within-group similarity (decreasing order): lysianassidae, mysidae, Gammaridea, synopiidae, munnopsidae, nannastacidae, oedicerotidae, eusiridae and Cirolanidae.
Group C includes 3 stations located off Peter i island (1342-3219 m depth) characterised by a moderate taxa richness (7-15 taxa) and dominated by euphausiidae, munnopsidae, Hyperiidea and mysidae (account for 73.37% of the average within-group similarity). Group d includes 3 stations from the antarctic Peninsula (45-657 m depth) and 3 from the bellingshausen sea (430-1290 m depth). the corresponding assemblage is characterised by a low taxa richness (4-8 taxa) and the main taxa in terms of major contribution to the average within-group similarity are Gammaridea and mysidae (83.66%).
Group e includes 2 stations from the antarctic Peninsula (102-356 m depth) and one from the bellingshausen sea (2028-2029 m depth) with the lowest taxa richness (1-3 taxa) of all the studied assemblages; in this group the Gammaridea account for 100% of the average within-group similarity.
among the 66 suprabenthic taxa considered in this study, 40 account for roughly 80% of the average dissimilarity for different combinations of pairwise groups of stations and only 4 taxa account for dissimilarities between any pairwise station groups: mysidae, Gammaridea, Hyperiidea and euphausiidae (table 6) . the highest dissimilarity values in the segregation of the pairwise stations groups were obtained for mysidae (ae, Cd and de), lysianassidae (ab, bC, bd and be), Gammaridea (aC) and munnopsidae (ad and Ce).
Relationship between biotic and environmental variables
the results of the bio-enV procedure applied to the biotic data and the selected abiotic variables are shown in table 7. as a whole, the spearman rank correlation values show low significance. the highest correlation is a combination of water depth with sediment mud content (ρ = 0.310). Particularly, depth is the variable matching the best result (ρ = disCussion the bentart-03 and bentart-06 sampling programmes studied for the first time the suprabenthic assemblages from the bellingshausen sea and the western antarctic Peninsula. the 35 stations yielded at least 66 taxa at family level or higher, mainly amphipods, isopods, cumaceans, pycnogonids, decapods and mysids. Peracarid crustaceans represented 83.3% of the total number of taxa.
the suprabenthic fauna sampled in the study area was numerically dominated by peracarid crustaceans, of which amphipods were most numerous, followed by mysids, isopods, cumaceans and tanaidaceans, representing more than 96% of all collected individuals. the abundance and diversity of these motile crustaceans in the near-bottom environment demonstrate the existence of a suprabenthic habitat in antarctic waters, as already mentioned by san Vicente et al. (1997) for the south shetland islands and in the bransfield strait.
the suprabenthic abundances showed a clear decreasing vertical gradient from the sediment-water interface to the uppermost water layer sampled by the macer-GiroQ sledge. this vertical gradient was also observed in almost all taxa except for the euphausiids, which avoid close contact with the sea bottom. such a near-bottom vertical distribution pattern is a typical feature of suprabenthic species of most marine areas (mees and Jones, 1997), including antarctic waters (Corbera, 2000; ramos, 2003; san Vicente et al., 2006 san Vicente et al., , 2007 .
although sampled in comparable near-bottom environments, the relative abundances of the major suprabenthic taxa (mysida, amphipoda, Cumacea, tanaidacea and isopoda) are highly variable according to the southern geographical regions investigated (linse et al., 2002; lörz and brandt, 2003; rehm et al., 2007; san Vicente et al., 2007) . Variations in physical factors such as current direction and speed, sea-ice cover, sediment structure, topography and food supply may cause differences in the composition of suprabenthic assemblages from place to place in the southern ocean. also, in agreement with brenke (2005), we think that such a variability is partially due to distinct sampler performances and to more or less accurate estimates of towing distances on the sea floor.
the peracarid composition of southern deeper-sea areas (below 2000 m depth) shows distinct differences to that on the antarctic shelf, especially in the increase of isopod dominance (brandt et al., 2007a,b) . deeper bentart 2003 and 2006 sampled stations (1000-2000 m depth) showed that amphipoda, mysida and isopoda in decreasing order were the most abundant taxa. our data support that the clear break observed in the peracarid faunal composition between shelf and deep sea in the southern ocean takes place in deeper waters than in other world oceans (brökeland et al., 2007) . this is probably the result of combined processes such as the depth of the antarctic shelf due to the weight of the ice shield on the continent (bröke-land et al., 2007) , the impact of the glacial periods on the development of a higher potential of eurybathy of antarctic organisms (brey et al., 1996) , and the exchange between shallow and deep fauna and vice versa described as antarctic submergence or emergence (brandt et al., 2007a,b) .
according to san Vicente et al. (2007) , and to results of the present study, the highest suprabenthos abundances were always recorded in the lowermost 10-50 cm near-bottom water layer. therefore, more realistic estimates of suprabenthos abundance are certainly obtained when samplings are carried out as close as possible to the sea floor, where motile crustaceans are known to concentrate at least during daytime. Vicente et al., 2007 ; same methodology as in this study). these results confirm that the bellingshausen sea is a vast 'benthic desert' driven by an oligotrophic regime (mouriño, pers. comm.), as previously reported by saiz-salinas et al. (2008) for macro-infauna and by ramil (pers. comm.) for epibenthos from the same geographical area (bentart 03-06 cruises). according to their composition at family level, five main suprabenthic assemblages were detected in the study area, mainly structured by environmental features gradually changing with the depth gradient (sediment mud content). assemblages were discriminated according to their taxa richness (decreasing values with depth gradient) and to the relative contribution of some dominant taxa such as amphipods (lysianassidae, oedicerotidae, synopiidae), mysids (mysidae, Petalophthalmidae), isopods (munnopsidae, Cirolanidae, Gnathiidae), cumaceans (nannastacidae) and euphausiids (euphausiidae).
in accordance with their known demersal scavenging behaviour (de broyer et al., 2001) , the high contribution of lysianassidae in suprabenthic assemblages from the study area, mainly in its deepest part (16.3% and 12.4% of total abundance in the bellingshausen sea and southwest antarctic Peninsula samples, respectively; only 3.8% off the northwestern coast of the antarctic Peninsula, san Vicente et al., 2007) suggests that this region of the southern ocean offers low-quality nutritive resources for detritivorous peracarids. in the study area, the multivariate analysis of data emphasised the role of two main structuring abiotic factors: the depth gradient and the mud content of surficial sediments. However, further unmeasured environmental and biotic factors such as epibenthic habitat complexity and predation impact may also be responsible for the observed distributions (de broyer et al., 2001; lörz and brandt, 2003) . except for their coastal zones <100 m depth (see saiz-salinas et al., 1997; arnaud et al., 1998) , the bellingshausen sea and western antarctic Peninsula are characterised by soft bottoms, high sedimentation rates and low primary production, a situation that is exacerbated still further by the influence of physical disturbances (iceberg scouring). this benthic situation is quite different to those reported from the Weddell and ross seas, where dense three-dimensional communities of long-lived filterfeeders have been described. the lack of such spatial complexity in benthic microhabitats could also be an important factor affecting suprabenthic assemblages in the bellingshausen sea and sW antarctic Peninsula, as previously mentioned by san Vicente et al. (2007) for some suprabenthic communities from the south shetland islands and bransfield strait.
Physical disturbances linked to intense iceberg traffic (iceberg scouring over the sea-floor and fall of iceberg drop-stones onto the sea-floor) were frequently observed during bentart cruises in the bellingshausen sea. expected subsequent responses of the macrofauna communities were described by saiz-salinas et al. (2008) and aldea et al. (2008) . Furthermore, the presence of large stones (related to iceberg thaw) on the bottom renders benthos sampling in the bellingshausen sea difficult, especially in the case of drag-along samplers (agassiz trawl and suprabenthic sledge). such methodological difficulties may be responsible for suprabenthos underestimates at some sampling sites, as suggested also by matallanas and olaso (2007) concerning the demersal fish fauna of the bellingshausen sea.
the present contribution is the first attempt to describe poorly-known suprabenthic assemblages from remote marine antarctic regions. subsequent studies on the abundant suprabenthos material collected during bentart cruises will focus on species identification to provide new data on their geographical and bathymetrical distribution as well as new structural analyses of assemblages at a detailed taxonomical level. From an ecological perspective, our main objective within the framework of the bentart research programme is to obtain a better knowledge of marine biodiversity as well as a better understanding of assemblage organisation and related ecological processes occurring in these under-studied regions of the southern ocean. aCKnoWledGements the bentart cruises were carried out under the auspices of the spanish Government through the ministry of education and science and were supported by the spanish antarctic Programme (CiCYt) (ren2001-1074/ant and CGl2004-01856). the crew and officers of rV Hesperides, and our colleagues from bentart cruises 2003 and 2006 
